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I.  INTRODUCTION 


Object  and  Scope  of  Work  ♦ 

This  thesis  is  the  latest  of  a number  of  studies  on 
web  stresses  in  concrete  beams  prepared  and  completed  under 
the  direction  of  Professor  A.  N.  Talbot  at  the  Engineering 
Experiment  Station  of  the  University  of  Illinois  . Until  a 
few  years  ago  web  stresses  had  not  been  made  the  main  subject 
of  invest igation  in  tests  of  concrete  beams.  The  first  work 
along  this  line  was  the  thesis  of  Phipps  and  Whipple  in  1906, 
entitled,  ” A Study  of  Diagonal  Tension  Failure” . In  1907 
Foreman  , James  , and  Kinsey  continued  the  investigation  in 
their  thesis,  ’’Resistance  to  Web  Stresses”,  which  in  turn  was 
followed  by  one  of  the  same  title  by  Pierce  , Power , and  Van 
Petten  in  1908.  The  results  of  these  and  other  tests  made  at 
the  Experiment  Station  were  combined  and  published  by  Prof. 
Talbot  as  Bulletin  No.  29  of  the  University  of  Illinois 
Engineering  Experiment  Station.  The  theories  advanced  by 
Prof.  Talbot , who  has  been  a leader  along  these  lines,  have 
been  generally  accepted  . In  1910  Mitchell  continued  these 
investigations  as  his  thesis  work  , and  the  line  of  work 
adopted  by  him  has  been  followed  to  considerable  extent  in 
tests  reported  in  this  thesis. 
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It  is  the  object  of  this  thesis  to  determine  in  what 
manner  the  web  stresses  act  under  various  conditions  of  re- 
inforcing , how  they  are  taken  up  by  the  web  reinforcement , 
and  how  much  stress  this  reinforcement  takes  . Beams  of  the 
size  used  in  these  test3  reinforced  only  by  longitudinal  rods 
generally  fail  by  diagonal  tension  between  the  support  and 
the  load  point  . When  web  reinf orcement  is  used  it3  object 
is  to  take  part  of  this  diagonal  tension  , thus  relieving 
the  stress  in  the  concrete  . It  has  not  yet  been  determined 
how  much  of  this  stress  the  web  reinforcement  takes  * and  to 
solve  this  problem  is  one  of  the  objects  of  this  thesis  . 

Another  object  of  this  work  is  to  determine  which  of 
the  various  methods  of  reinf orcement  is  the  most  efficient  . 

To  this  end  the  concrete  mixture  is  the  same  for  all  beams, 
viz.  1:2:4,  and  the  beams  are  all  of  the  same  length  — 
six  feet  six  inches  --  , except  those  having  overhanging  ends 
which  are  eight  feet  six  inches  . In  all  cases  the  supports 
are  six  feet  apart  , and  the  load  applied  at  the  third  points. 

This  uniformity  of  method  permits  comparison  of  results  . The 
various  methods  of  reinforcing  are  :- 

(1)  Longitudinal  rods  unanchored  ; 

(2)  Longitudinal  rods  anchored  by  , 

(a)  Overhanging  ends,  and 

(b)  Rods  extending  and  held  by  nuts  screwed  tight; 

(3)  Vertical  stirrups  and  longitudinal  rods  ; 

(4)  Inclined  stirrups  and  longitudinal  rods  ; 


. • 


- 


. 


' 


' 


... 


m = number  of  reinforcing  bars  . 

E = modulus  of  elasticity  of  the  steel. 

s 

E = modulus  of  elasticity  of  concrete  in  compression, 
c 

n = E /E-  = ratio  of  the  two  moduli, 
s c 

f = tensile  stress  per  unit  of  area  in  longitudinal 
reinforcement . 

f = compressive  stress  per  unit  of  area  in  most  remote 
fibre  of  concrete. 

d*  = distance  from  the  center  of  the  reinf orcement  to  the 
center  of  gravity  of  the  compressive  stresses. 

j - ratio  of  d'  to  d . d*  = jd. 

M = the  resisting  moment  at  the  given  section. 

S = horizontal  tensile  stress  per  unit  of  area  in  the 
concrete . 

P = tensile  stress  per  unit  of  area  in  web  reinforcing. 

k = ratio  of  the  depth  of  the  neutral  axis  of  a section 
below  the  top, to  d. 

u = bond  stress  per  unit  of  area  on  the  surface  of  the 
reinforcing  bars. 

v = vertical  shearing  stress  and  horizontal  shearing 
stress, per  unit  of  area, in  the  concrete. 

V = total  vertical  shearing  stress  at  any  section  of  the 
beam . 

a = the  distance  longitudinally  between  stirrups  or 
diagonal  web  reinforcement. 


Resisting  Moment  . According  to  this  theory  , the 
resisting  moment  as  based  upon  the  tensile  stress  in  the 
longitudinal  steel  is  ( see  Fig.  la  ) 


M = Afd  * = Af jd  = fpjbd2 


( 1 ) 


The  resisting  moment , as  based  on  the  ultimate  compressive 
strength  of  the  concrete  , is 

M = 2/3  jkcbd2  (2) 


Bond  and  Shearing  Stresses  . Professor  A.  N.  Talbot 
derives  the  following  formula  for  bond  stress  in  longitudinal 
reinforcing  , 


Transposing  tne  above  equation  , we  have 


V 

urno  = “d, 


(4) 


This  is  the  bond  stress  for  a unit  length  of  beam  , 
which  is  transferred  to  the  concrete  by  the  longitudinal 
reinforcing  bars  . This  may  be  considered  as  distributed 
over  a horizontal  section  just  above  the  plane  of  the 
longitudinal  steel  as  horizontal  shear  . The  total  horizontal 
shear  per  unit  length  of  beam  is  therefore 

vb  = mou  (5) 

and  the  unit  horizontal  shear  is  then 


. 
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In  mechanics  it  is  shown  that  the  horizontal  unit  shear  in  a 
beam  is  equal  to  the  vertical  unit  shear  at  the  same  point  . 
Hence  we  have  the  horizontal  unit  shear  at  a point  just  above 
the  plane  of  the  longitudinal  reinf orcement  given  by  equation 
(6)  above  . If  the  tension  in  the  concrete  is  neglected  , 
the  unit  shear  would  be  uniform  up  to  the  neutral  axis  as 
shown  in  Fig  . (1^) 

Diagonal  Tension  . The  combination  of  the  shear  and 
the  tension  in  the  concrete  gives  rise  to  diagonal  tension 
stresses  . In  mechanics  it  is  shown  that  this  diagonal 
tension  is  given  by  the  equation 


t = 1/2  S+\|  1/4  S2+  v2  . (7) 

The  line  of  maximum  tension  makes  an  angle  with  the  horizontal 
equal  to  one  half  the  angle  whose  cotangent  is  S / 2v  . 
Neglecting  the  tension  in  the  concrete  the  formula  for 
diagonal  tension  reduces  to 


t = v (8) 

and  the  angle  that  the  line  of  maximum  diagonal  tension  makes 
with  the  horizontal  becomes  45  degrees  . With  the  present 
knowledge  of  the  subject  it  is  impossible  to  compute  the 
actual  amount  of  the  horizontal  tensile  stress  in  the 
concrete  . Therefore  this  tensile  stress  is  generally 
neglected  and  no  attempt  is  made  to  compute  the  actual 


■ 
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the  Introduction,  and  to  Bulletins  Nos,  4 and  29  of  the 
University  of  Illinois  Ehgineering  Experiment  Station, 

Complete  notes,  as  taken  while  performing  these  tests, 
may  be  found  in  the  office  of  the  Experiment  Station,  in 
a note  book  entitled  "Web  Stresses,  1910 — ll" 


' 


HI.  MATERIALS,  TEST  PIECES,  AND  METHODS  OF  TESTING. 


X. Materials  . The  materials  used  for  these  test 3 were 
of  the  standards  used  in  common  practice,  the  sand  and  stone 
being  purchased  on  the  market,  the  cement  being  furnished  by 
the  Universal  Portland  Cement  Co.  , and  the  steel  by  the 
Illinois  Steel  Co. 


Sand  . The  sand  used  was  that  commercially  known 


as  Attica  sand  from  the  Wabash  River  near  Attica,  Ind.  It 
was  of  good  quality,  moderately  sharp,  well  graded,  and 
generally  clean.  The  mechanical  analysis,  the  average  of 
3even  tests,  is  given  in  table  I. 

TABLE  I. 

MECHANICAL  ANALYSIS  OF  SAND. 

Sieve  Percent  passing 

99.74 
99.20 
96.70 
74.33 
69.92 
60.98 
50.22 
29.39 
18.69 
6.98 
2.90 
0.86 
0.00 


3 

4 

5 

10 

12 

16 

18 

30 

40 

50 

74 

150 

Pan 


. 


' 


. 


■ 


•I 


as  shown  in  figures  2,  3,  4,  and  5,  was  furnished  by  the 
companies  selling  then. 

Concrete.  The  concrete  was  of  1 : 2:  4 mixture  by 
loose  volume,  mixed  just  wet  enough  to  work  readily.  The 
proportions  of  the  mixture  were  checked  by  weighing.  Mixing 
was  done  by  hand  with  shovels  by  men  skilled  in  mixing 
concrete.  The  sand  and  cement  were  mixed  dry,  the  moistened 
stone  added,  and  the  mass  turned  until  it  presented  a uniform 
appearance.  The  beams  tested  latest  carried  much  higher  loads 
seemed  harder  to  chip,  and  evidently  were  of  a much  higher 
grade  of  concrete  than  those  tested  earlier  in  the  year.  The 
cause  for  this  difference  is  not  known. 

2.  TEST  PIECES. 

Beams.  The  beams  were  of  uniform  size  , 8”  x 12”  and 
6'  - 6"  long,  except  three,  Nos.  294.1,  294.2,  and  294.3, 
which  had  overhanging  ends,  these  beams  being  8’  -G”  long. 

The  longitudinal  reinforcing  rods  were  10”  below  the  top  of 
the  beam  in  all  cases.  The  various  systems  of  reinforcement 
are  shown  in  figures  2,  3,  4,  and  5.  in  all,  45  beams  were 
tested,  and  for  convenience  in  discussing  they  will  be 
divided  into  classes,  viz.  1.  Beams  without  web 
reinforcement;  and,  II.  Beams  with  web  reinforcement. 

These  will  be  subdivided  as  follows?-  Ia,  Ends  not  anchored; 
lb.  Ends  anchored;  Ila.  Vertical  stirrups;  lib.  American 
unit  frame;  lie.  Gabriel  unit  frame;  lid.  Corrugated  Bar 
unit  frame;  and  lie.  Monolith  unit  frame.  In  the  discussion 
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these  may  be  again  subdivided.  The  beams  were  made  in 
"knock-down"  forms  which  were  taken  off  after  seven  days, 
the  beams  remaining  on  the  floor  until  a few  days  before 
testing.  All  beams  were  tested  at  about  60  days. 

Control  Beams  and  Cubes.  Control  beams  and  cubes 
were  made  from  the  same  mix  as  the  beams.  They  were  tested 
by  Mr.  Landor  of  the  civil  engineering  class  of  1911  as  a 
part  of  his  thesis  on  "The  Modulus  of  Rupture"  , and  the 
results  tabulated  in  Table  A.  A description  of  the  beams, 
date  of  manufacture  and  of  testing,  and  general  results 
and  data  are  also  tabulated  in  Table  A. 

3..  Methods  of  Testing.  All  beams  were  tested,  as 
nearly  as  was  convenient,  at  an  age  of  60  days.  Most  of 
the  testing  was  done  in  a Riehle  machine  of  100000  lbs. 
capacity,  increments  of  4000  pounds  being  used,  and  the 
load  applied  at  a rate  of  about  0.1  inch  per  minute,  the 
slowest  speed  available.  A diagram  of  the  beam  set  up  in 
the  machine  is  shown  in  figure  6.  The  span  w*.s  in  all  cases 
6*  - 0",  the  load  being  applied  at  the  one-third  points  by 
an  i-beam  set  on  rollers  which  rested  on  plates  over  the 
one-third  points.  The  beam  rested  on  plates  which  were 
supported  on  rollers  on  the  weighing  table  of  the  machine. 

The  use  of  rollers  assured  the  application  of  vertical 
loading  only.  Rubber  sheets  were  placed  between  the  plates 
and  the  beam,  both  above  and  below,  to  aid  in  securing  an 


■ 


16 


4 


' ■ '■  V 


J3erry  /f x fe/7  50/77?  fox 


19 

three  readings  "being  used.  These  methods  were  used  because 
of  the  incompletiom  of  the  instruments  used  in  the  later 
part  of  the  testing. 

Both  of  these  methods  were  finally  declared  to  be 
inefficient.  The  deformations  obtained  did  not  apparently 
give  the  stress  in  the  steel  or  in  the  concrete,  but  rather 
measured  the  opening  of  the  cracks  which  occurred  between 
the  two  points  between  which  the  measurements  were  taken. 

Wjth  the  first  Berr,>  extensometer  additional  objections  were 
found.  The  instrument  was  tcc  heavy,  and  unless  it  was  held 
in  exactly  the  same  position,  any  two  readings  varied 
considerably. 

A new  method  which  did  not  have  these  objectionable 
features  was  then  used.  Holes  , six  inches  apart  , were 
chipped  in  the  concrete  down  to  the  steel;  holes  of  sufficient 
depth  on  a gauge  length  of  six  inches  were  drilled  in  the 
steel , and  reamed  to  remove  the  burr.  A new  Berry  extenso- 
meter was  made  of  aluminum  which  overcame  the  objection  to 
weight.  Two  methods  of  obtaining  readings  were  used.  One 
was  the  attachment  oi  a screw  micrometer  head  and  a telephone 
apparatus  by  which  the  make  and  break  of  the  circuit, 
completed  when  both  legs  of  the  instrument  fitted  into  the 
the  holes  drilled  into  the  steel , was  made  distinctly 
audible  to  the  operator.  This  apparatus  gave  considerable 
trouble  and  took  a lot  of  time  , so  , as  in  the  old  Berry 
instrument , an  Ames  dial  was  used  instead  of  the  micrometer 

and  telephone  apparatus  , and  the  deformations  were  read 


. 
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directly  from  the  dial.  The  instrument  read  directly  to 

1/5000’*  and  could  be  estimated  to  1/50000”.  This  method  of 
of  determining  the  web  stresses  proved  very  satisfactory  and 
gave  very  much  better  results. 

In  future  tests,  methods  of  testing  would  be  greatly 
facilitated  by  providing  some  means  of  access  to  the  steel 
other  than  that  provided  by  chipping  the  concrete  away  from  it. 

In  many  cases  the  location  of  the  steel  was  indefinite, 
necessitating  considerable  excessive  chipping  and  large  holes, 
which,  at  best,  must  be  more  or  less  injurious,  as  is  the 
pounding  accompanying  this  process.  One  means  0f  eliminating 
this  objectionable  feature  could  be  readily  made  at  the  time 

of  manufacture.  Around  the  stirrup  put  two  staples,  say  six 

6$  c 1\ 

inches  apart,  and  upon  these  staple^  drive  a block  of  wood, 
well  soaked  in  water  to  prevent  swelling,  tapering  somewhat 
toward  the  stirrup.  Another  way  to  prevent  swelling  of  this 
block  would  be  to  remove  it  when  the  forms  are  removed. 

Having  the  block  tapering  would  also  assist , in  that  any 
swelling  would  cause  the  block  to  wedge  outwards.  The  inner 
side  of  the  block  should  be  rounded  out  to  approximately 
fit  the  stirrup.  Through  the  forms  drive  a nail  into  the 
block,  thus  holding  it  in  place  against  movement  in  any 
direction,  and  also  assisting  in  keeping  the  steel  in  place. 

This  device  would  not  make  as  large  holes  in  the  beam  and 
would  not  harm  the  strength  of  the  beam  as  much  as  chipping 
holes,  would  save  a great  deal  of  time,  and  would  aid  greatly 
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in  getting  good  and  reliable  results.  A view  of  this 
proposed  method  is  given  in  figure  8. 


F/gure  F/o  3 


. 
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table  A was  compiled.  The  theoretical  calculations  are  all 
made  according  to  the  formulas  given  in  Section  II  , Theory. 

In  this  table  the  beams  are  grouped  according  to  the  manner 
of  reinforcement,  which  places  them  in  their  numerical  order. 
The  compressive  unit  stress  is  figured  only  for  those  beams 
in  which  failure  occurred  by  compression,  or  tension  and 
compression,  and  will  be  found  in  the  column  headed, 

’’wanner  of  Failure”.  The  symbols  used  in  explaining  the 
manner  of  failure  are  D.  T.--  diagonal  tension:  T.  — 
tension  in  the  longitudinal  steel:  C.  --  compression. 

The  figures  in  the  columns  headed  ’’Stirrup  Number”  , under 
the  general  heading,  ’’Stress  in  Stirrups”,  refer  to  the 
position  of  tho  stirrups,  which  are  numbered  from  either 
end  of  the  beam  consecutively  toward  the  center. 

The  values  of  ”j”  used  in  all  calculations  are  as 
given  in  table  III. 


TAELS  111 


Values  of  ”j”  used  in  calculations 


Percent  of 


Values  of 


steel 


1.11 
1.25 
1 .30 
1 .55 
1 .65 
1 .94 
2.44 


0.835 

0.83 

0.83 

0.82 

0.61 

0.81 

0.79 
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Cubes  were  made  which  were  to  be  tested  in  compression , 
and  it  was  the  intention  to  include  the  results  of  these 
tests  in  table  A,  but  the  cubes  were  not  tested  in  time  for  this. 

Two  series  of  curves  have  been  plotted.  One  series 
shows  the  relation  between  the  applied  loads  and  the  unit 
stress  in  the  steel,  whether  web  reinforcement  or  longitud- 
inal steel.  The  other  series  shows  the  relation  between  the 
applied  loads  and  the  center  deflections.  In  both  series  of 
graphs,  the  applied  loads  are  plotted  as  ordinates.  In  the 
load-stress  diagrams,  the  unit  stress  in  the  reinforcing 
steel  is  plotted  as  abscissas,  and  in  the  load-deflection 
graphs  the  deflections  in  inches  are  plotted  as  abscissas. 

Smooth  curves  are  drawn  through  all  points  in  both  series 
of  curves.  Where  plotted  points  are  considered  as  in  error, 
the  assumed  correct  curves  are  shown  as  dotted  lines.  Curves 
drawn  by  line  and  dot  show  theoretical  values. 

3.  RESULTS. 

1.  Discussion.  To  facilitate  in  handling,  all  the  beams 
tested  are  divided  into  two  groups,  namely,  those  without 
web  reinforcement  and  those  with  web  reinforcement. 

Beams  witn  web  reinforcement.  Two  classes  of  beams 
without  web  reinf orcement  were  tested,  those  in  which  the 
longitudinal  rods  were  not  anchored  and  those  in  which  the 
longitudinal  rods  were  anchored.  All  of  these  failed  by 
diagonal  tension.  Two  methods  of  anchoring  the  longitudinal  steel 
were  tried,  as  described  in  section  III.  under  the  description 
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of  beams,  since  the  concrete  of  the  later  beams  tested  was 
unaccountably  much  stronger  than  that  of  the  earlier  ones, 
comparisons  are  difficult  to  make.  However,  taking  this  fact 
into  account  , these  comparisons  are  drawn  between  the  beams 
having  the  longitudinal  rods  anchored  and  those  in  which 
they  are  unanchored.  The  beams  whose  rods  were  anchored  by 
means  of  nuts  and  plates  showed  only  a slight  increase  in 
strength  over  those  which  had  no  anchorage,  while  the  beams 
with  overhanging  ends  showed  no  increase  whatever. 

Beams  without  web  reinforcement  all  failed  suddenly 
without  warning,  which  is  undesirable. 

Beams  with  the  longitudinal  steel  anchored  by  having 
the  ends  bent  up  into  large  loops  took  considerably  higher 
loads  than  other  beams  without  web  reinforcement.  The  failure 
was  slow  and  complete,  the  first  failure  being  by  diagonal 
tension,  followed  by  a tendency  of  the  hooks  to  straighten 
due  to  slipping.  This  caused  the  ends  of  the  beams  to  break 
off.  A typical  example  is  shown  by  the  photograph  of  beam 
292.2  on  pageiQ4  * anc*  the  sketch  of  the  same  beam  on  page 
63  • 

Beams  With  Web  Reinforcement.  Beans  with  web 
reinforcement  have  been  divided  into  the  following  groups 
to  facilitate  the  comparison  and  discussion  of  the  various 
methods  of  reinforcement :~ 

Beams  reinforced  with  ; 

(1)  Stirrups, 


. 
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(2)  Patented  systems, 

under  which  are  the  American  unit  frame  , the  Gabriel  unit 
frame,  the  Corrugated  Bar  unit  frame,  and  the  Monolith  unit 
frame . 

Beams  reinforced  by  loose  stirrups  failed  by 
diagonal  tension,  with  one  exception,  Beam  293.7,  which 
had  the  longitudinal  steel  anchored  by  nuts  and  plates  and 
failed  by  tension  in  the  steel.  Beams  with  stirrups  anchored 
showed  no  greater  strength  than  those  with  stirrups  unanchored, 

In  beams  without  web  reinforcement  it  was  found  that 
the  only  effective  method  of  anchoring  the  longitudinal  steel 
was  that  of  bending  it  up  into  large  loops,  while  in  beams 
with  web  reinforcement,  anchoring  either  by  nuts  and  plates 
or  by  bending  into  loops  increases  the  strength  of  the  beam. 

Those  beams  having  stirrups  and  the  longitudinal 
steel  bent  up  failed  by  tension,  and  carried  a somewhat 
higher  load  than  beams  without  the  rods  bent  up. 

Patented  Systems.  Beams  reinforced  by  American 
unit  frames  took  considerably  higher  loads  than  those 
reinforced  by  stirrups,  and  about  the  same  as  those  with 
stirrups  and  longitudinal  steel  bent  up.  Two  of  these  beams 
failed  by  diagonal  tension,  and  the  other  one  by  tension 
in  the  longitudinal  steel. 

Beams  reinforced  by  Gabriel  unit  frames  took 
about  the  same  maximum  loads  as  the  American  unit  frames, 
two  failing  by  tension  and  one  by  compression. 
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Beams  reinforced  by  Corrugated  Bar  unit  frames 
took  about  the  same  maximum  loads  as  the  two  preceding 
classes,  three  failing  by  tension  and  compression,  and 
the  other  one  by  tension. 

Beams  reinforced  by  Monolith  unit  frames  carried 
a much  higher  load  than  the  beams  reinforced  by  any  other 
method  tested.  Three  of  these  failed  by  tension  and 
compression  and  one  by  compression,  and  all  showed 
considerable  diagonal  tension  cracking. 

In  all  beams  having  web  reinforcement  failure  was 
gradual  and  was  preceded  by  considerable  cracking  of  the 
beam,  in  all  cases  the  maximum  load  being  held  for  an 
appreciable  time  , after  which  the  load  gradually  fell  off. 

In  these  respects  these  beams  show  a marked  difference 
from  those  without  web  reinforcement. 

After  a careful  comparison  of  the  theoretical  and 
experimental  curves  plotted,  the  following  general  state- 
ments are  advanced.  The  experimental  values  for  stress  in 
the  longitudinal  steel,  as  an  average,  run  lower  than  the 
theoretical  values.  Since  the  formula  gives  values  higher 
than  those  encountered  in  these  tests,  it  would  seem  that 
the  error  due  to  its  use  is  on  the  side  of  safety.  The 
general  shape  and  direction  of  the  experimental  curve 
agrees  closely  with  that  of  the  theoretical  curve.  At 
loads  of  less  than  8000  to  12000  pounds  the  longitudinal 
steel  shows  comparatively  little  stress,  the  general  shape 
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of  the  curve  being  that  of  a parabola.  At  loads  above  12000 
pounds  the  experimental  and  theoretical  curves  are  nearly 
parallel  , the  experimental  curve  gradually  approaching  the 
theoretical  curve. 

From  a comparison  between  the  curves  and  the  column 
in  table  A headed  ’’Load  at  which  first  crack  appeared"  , it 
will  be  noted  that  the  load  at  which  the  two  curves  take 
the  same  shape  and  direction  is  the  same  as  that  at  which 
the  first  crack  occurs. 

From  table  A a comparison  between  the  columns 

i 

headed  "Str^ss^s  in  stirrups" , shows  that' the  maximum 
measured  unit  stress  in  the  stirrups  is  about  equal  to  that 
given  by  the  formula,  while  the  average  measured  unit  stress 
is  about  one-half  the  unit  stress  given  by  the  formula.  It 
will  be  noted  that  the  stirrups  in  which  the  maximum  and 
minimum  stresses  occur  seem  to  have  a definite  location  in 
the  beam  . For  instance , the  maximum  stresses  occur  either 
in  stirrups  two  or  three  , where  the  beam  has  four  stirrups 
in  each  end,  and  the  minimum,  as  a rule,  in  stirrups  one 
and  four,  which  are  those  nearest  the  point  of  application 
of  the  load  and  nearest  the  support  respectively.  In  beams 
having  more  than  four  stirrups  in  each  end,  the  two 
outermost  stirrups  still  take  less  stress  than  those  in 
between,  as  is  shown  by  beams  numbered  295.2  and  295.5. 

From  a comparison  of  the  center  deflections  of 
beams  in  the  same  series  it  would  appear  that  no  matter 
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stirrups  runs  about  one-half  the  theoretical  unit  stress 
given  by  Prof.  A.  N.  Talbot’s  formula,  while  the  maximum 
stress  in  the  stirrups  is  about  the  same  as  that  given  by 
the  formula. 

VIII .  The  stress  in  the  stirrup  depends  upon 
its  location  in  the  beam,  those  midway  between  the  point  of 
application  of  the  load  and  the  support  taking  the  higher 
stresses. 

IX.  Beams  reinforced  with  the  three  patented 
systems  of  reinforcing,  the  American  system,  the  Gabriel 
units,  and  the  Corrugated  Bar  unit  frame,  have  practically 
the  same  efficiency. 

X.  Of  all  the  methods  of  reinforcement  tested, 
the  Monolith  unit  frames  gave  the  most  satisfactory  results. 

XI.  The  samples  of  the  Monolith  and  Corrugated 
Bar  unit  frames  used  in  these  tests  , and  furnished  by  the 
respective  companies  putting  these  patented  systems  on  the 
market , approached  the  ideal  system  of  web  reinforcement , 
showing  at  failure  high  stresses  in  not  only  diagonal 
tension,  but  also  in  compression,  and  in  tension,  generally 
failing  by  one  of  the  two  latter  methods. 
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